A 77-year-old man with a history of hypertension, prostate hyperplasia, and urolithiasis was admitted for acute kidney injury caused by hypercalcemia. Neck ultrasonography showed a large cyst adjacent to the right lower thyroid lobe. Although a 99m technetium sestamibi scan was negative, an extremely high intracystic intact parathyroid hormone level suggested that the cyst had a parathyroid origin and that a functional parathyroid cyst was present. Immunohistochemical staining for the calcium-sensing receptor (CaSR) after right lower parathyroidectomy revealed CaSR-positive cells lining the cyst, indicating that the functional parathyroid cyst had originated from the hemorrhagic degeneration of a parathyroid adenoma.
Introduction
Parathyroid cysts are relatively rare, with an incidence of 0.08-3.41% among all patients with parathyroid disease (1) . Most parathyroid cysts are nonfunctional, but 10-15% of cysts secrete parathyroid hormone (PTH), and these are called functional parathyroid cysts (2) . Functional parathyroid cysts are present in 1-2% of patients with primary hyperparathyroidism (3) .
Positive findings on 99m technetium ( 99m Tc) sestamibi scans of functional parathyroid cysts are less frequent than for non-cystic parathyroid adenomas (4) , and ultrasonography is not effective at distinguishing between cysts with parathyroid origins and those with thyroid origins (5) ; therefore, identifying cystic parathyroid adenomas is challenging. However, measuring intracystic PTH levels in fine-needle aspirates from cysts is useful for diagnosing functional parathyroid cysts (6) (7) (8) .
Several mechanisms have been postulated to underlie the development of functional parathyroid cysts, and this report shows that the hemorrhagic degeneration of a parathyroid adenoma can cause a functional parathyroid cyst.
Case Report
A 77-year-old man with a 3-month history of fatigue, cognitive dysfunction, thirst, constipation, and appetite loss was admitted to our hospital with acute kidney injury (AKI) and severe hypercalcemia. He had a medical history of hypertension, prostate hypertrophy, and calcium phosphate urolithiasis, for which he had been prescribed telmisartan, amlodipine, magnesium oxide, naftopidil, and mirabegron.
On admission, the patient's blood pressure was 105/66 mmHg, and his heart rate was 76 beats/min. A physical examination revealed a 3×3-cm soft, non-tender mass in the right lower thyroid lobe. His laboratory test results were as follows: serum creatinine level, 3.9 (baseline, 0.8) mg/dL; estimated glomerular filtration rate, 12.7 mL/min/1.73 m 2 ; serum albumin level, 4.5 g/dL; serum calcium level, 15.0 mg/dL (no baseline data); and serum phosphate level, 3.5 mg/dL. The patient's laboratory results are shown in Table. Electrocardiography showed a shortened QT interval, with a corrected QT interval of 0.39 seconds. Subsequent investigations showed that the patient's plasma intact PTH (iPTH) level was 1,040 pg/mL (reference range, 10-65 pg/mL), urinary calcium/creatinine ratio was 228.9 mg/g creatinine, and his femoral neck and lumbar spine T-scores were -1.7 and -2.3, respectively. The level of tartrate-resistant acid phosphatase 5b (TRACP5b), a bone resorptive marker, was 1,410 mU/dL (reference range, 170-590), while that of bone alkaline phosphatase (BALP), a bone formation marker, was 29.0 μg/L (reference range, 3.7-20.9, Table) . Based on this clinical information, primary hyperparathyroidism was diagnosed.
Ultrasonography of the neck demonstrated a 54×42×28 mm cyst adjacent to the thyroid gland, but no mass that could be identified as a parathyroid adenoma or parathyroid hyperplasia was detected (Fig. 1A) . The cyst had low echogenicity, and there were no signs of intracystic hemorrhaging. Doppler ultrasonography of the neck revealed no flow around the thyroid. Computed tomography (CT) revealed the presence of a large cyst adjacent to the thyroid gland that compressed the trachea and moved it to the left (Fig. 1B) . Bilateral nephrocalcinosis was seen, but neither a ureteral stone nor hydronephrosis was evident. CT also revealed a 22 ×17-mm right adrenal mass. The patient's adrenal hormone levels were not elevated, which excluded primary aldosteronism, pheochromocytoma, and Cushing's syndrome and indicated that the adrenal mass was a nonfunctional adenoma. Brain magnetic resonance imaging did not reveal any abnormalities, such as a pituitary adenoma or brain atrophy. A 99m Tc sestamibi scan did not show focal retention compatible with a parathyroid adenoma in the neck or mediastinum.
To determine whether the neck cyst was associated with the parathyroid glands, thyroid gland, or neither, fine-needle aspiration of the cyst fluid was performed. Before performing fine-needle aspiration, we considered the possibility of parathyroid cancer and concluded it to be very low because there were no signs of metastasis, including in the lymph nodes, and the ratio of whole PTH to iPTH was less than 1. These observations suggested that the cyst was benign. Fineneedle aspiration revealed the color of the cystic fluid to be dark brown, and the patient's intracystic iPTH level was markedly higher (359,000 pg/mL) than his serum iPTH level. The patient was thus diagnosed with primary hyperparathyroidism caused by a functional parathyroid cyst.
During his admission, the patient's hypercalcemic AKI was treated with a normal saline infusion (2 L/day) and elcatonin (80 U/day) for 3 days as well as alendronate (900 μg) for 4 days; his calcium and creatinine levels improved to 10.8 mg/dL and 1.75 mg/dL, respectively, by 18 days after admission, and his symptoms (cognitive dysfunction and appetite loss) subsided.
Although we recommended right lower parathyroidectomy, the patient was reluctant to undergo this procedure. Thus, cinacalcet (50 mg) was administered in an attempt to reduce his iPTH and calcium levels, but the hypercalcemia was refractory to treatment, even after the cinacalcet dose was increased to 150 mg; the patient was readmitted to the hospital twice in 1 year for AKI secondary to hypercalcemia (Fig. 2) . The patient finally agreed to undergo parathyroidectomy one year later, and right lower parathyroidectomy was performed. Postoperatively, the patient's iPTH and calcium levels normalized rapidly. The patient was discharged six days after the operation, and his calcium and iPTH levels remained stable for two years without postoperative complications.
The histopathological findings showed a parathyroid adenoma with an adjacent cyst and atrophy of the normal rim of the parathyroid tissue. Hemosiderin, red blood cells, and a granuloma were present inside the parathyroid adenoma and the cyst, suggesting hemorrhaging (Fig. 3A) . Immunohistochemical staining for the calcium-sensing receptor (CaSR) revealed that the cyst was lined with 1 layer of CaSR-positive cells, and that the adenoma and atrophied parathyroid cells were also CaSR-positive, indicating that the origin of the parathyroid adenoma had been dissected (Fig. 3B) . Unfortunately, immunohistochemical staining for PTH could not be performed in our institution; however, hematoxylin and eosin staining showed that the bulk of oxyphil cells were connected to the layer cells surrounding the cyst, indicating that the CaSR-positive cells were equivalent to parathyroid cells. Accordingly, the functional parathyroid cyst was shown to be derived from the hemorrhagic degeneration of a parathyroid adenoma.
Discussion
We encountered a patient with a functional parathyroid cyst that arose from the hemorrhagic degeneration of a parathyroid adenoma and caused hypercalcemia and AKI until parathyroidectomy was performed. This patient's findings emphasize the importance of detecting high intracystic PTH levels for identifying a cystic parathyroid adenoma and underscore the value of performing pathological analyses to determine the mechanism by which a cyst in the anterior neck or adjacent to thyroid can arise from a parathyroid adenoma.
Like non-cystic parathyroid adenomas, functional parathyroid cysts can cause hypercalcemia, urolithiasis, and osteoporosis, but unlike non-cystic parathyroid adenomas, parathyroid cysts can compress adjacent tissues (9) . In our patient, the cyst had compressed the trachea to shift toward the left, although this was asymptomatic. Notably, the sensitivity of 99m Tc sestamibi scans for functional parathyroid cysts is lower (29%) than that for non-cystic parathyroid adenomas (68-95%) (4) . In our patient, as the 99m Tc sestamibi scan was negative, a parathyroid adenoma could not be detected. In addition, ultrasonography does not provide any information about whether these cysts arise from the parathyroid or thyroid glands, which makes identifying the cystic mass as a parathyroid adenoma difficult (5) . The intracystic iPTH levels in fine-needle aspirates are useful for determining whether a cyst is a parathyroid cyst, thyroid cyst, or nonfunctional cyst (6) (7) (8) . However, before performing fineneedle aspiration, determining whether or not the cyst is related to parathyroid cancer is important because fine-needle aspiration is contraindicated in parathyroid cancer due to the risk of seeding along the needle tract (10) .
Parathyroid cancer is suspected based on several factors, including an extremely high level of PTH, the presence of metastatic lesions, and a ratio of whole PTH to iPTH exceeding 1 (11) . In our patient, the high levels of iPTH suggested a risk of parathyroid cancer; however, the absence of metastatic lesions and the ratio of whole PTH to iPTH being less than 1 led us to conclude that the possibility of parathyroid cancer was very low. In addition, the patient's history of calcium phosphate urolithiasis and the presence of bilateral nephrocalcinosis indicated that the patient had been exposed to chronic hypercalciuria, suggesting that the parathyroid lesion was benign. Of note, another complication of fine-needle aspiration of a parathyroid cyst is intracystic hemorrhaging, which can exacerbate hypercalcemia. We therefore performed aspiration in an in-hospital setting and closely monitored the patient's calcium level. In our patient, the iPTH level in the cyst fluid was much higher than that in the plasma, indicating that the cyst had a parathyroid origin and that resection of this cyst was indicated, as it could result in resolution of hyperparathyroidism.
The presumptive mechanisms underlying the occurrence of functional parathyroid cysts include their congenital acquisition, microcyst coalescence, and the infarction of or hemorrhaging into a parathyroid adenoma (12) . In our patient, the immunohistochemical analysis showed that the cyst was lined with one layer of CaSR-positive cells and that the microcysts within the atrophic parathyroid tissue were CaSR-negative, which excluded the possibility of microcyst coalescence. In addition, hematoxylin and eosin staining showed that hemorrhaging was present inside the adenoma and cyst, suggesting that the functional parathyroid cyst was derived from the hemorrhagic degeneration of a parathyroid adenoma.
Treating a functional parathyroid cyst involves resecting the cyst (13), fine-needle aspiration of the intracystic fluid (14) , or injecting sclerosing agents into the cyst (15) . Fine-needle aspiration is less invasive than dissecting parathyroid cysts, but the remission rate remains at 33%, and the recurrence rate is high. Intracystic injection of sclerosing agents is also less invasive than dissecting parathyroid cysts, but the cysts are lined by a layer of parathyroid cells only, and there is a high risk of leakage of the sclerosing agent that can cause fibrosis within the surrounding tissues, which might result in nerve injury. Furthermore, the failure of sclerosing therapy can increase the risks and morbidity associated with any subsequent surgical procedure (13) . The firstline treatment of a functional parathyroid cyst is surgical dissection. In patients who cannot tolerate surgery as a consequence of systemic complications, including cardiovascular disease, or if a patient does not wish to undergo a surgical procedure, medical treatment with cinacalcet seems to be effective. Indeed, the effectiveness of cinacalcet in treating primary hyperparathyroidism caused by parathyroid adenomas or parathyroid hyperplasia has been described (16) (17) (18) (19) . However, the effectiveness of cinacalcet in treating a functional parathyroid cyst has not been reported. Our patient began cinacalcet treatment after the first episode of hypercalcemia and AKI, and it was effective for several months, but the hypercalcemia eventually became refractory to treatment. The parathyroid adenoma and cyst were CaSRpositive, which suggested that cinacalcet treatment should have been effective. As seen in Fig. 2 , the patient's calcium level increased abruptly just before the third admission. There were no signs of acute intracystic hemorrhaging, such as bulging or tenderness of the neck mass, and the urine calcium level was 102.9 mg/gCr, which was relatively low despite hypercalcemia. We suspect that despite the patient's denials, he stopped taking the medication, likely causing the treatment to become ineffective. A previous article reported that 88% of patients with intractable primary hyperparathyroidism administered cinacalcet experienced treatmentrelated adverse events, including nausea, vomiting, and paresthesia, leading to withdrawal from the study in 24% (20) .
We described a patient with a functional parathyroid cyst that arose from the hemorrhagic degeneration of a parathyroid adenoma. To our knowledge, this is the first report that describes a functional parathyroid cyst lined by CaSRpositive parathyroid cells. These findings will encourage clinicians who encounter patients with similar lesions to identify parathyroid cysts by analyzing fine-needle aspirates from the cysts and dissecting the causative lesions.
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